(DHS), simultaneous distillation extraction (SDE) (De Frutos, Sanz, & Martínez-Castro, 1988; Varlet, Prost, & Serot, 2007) , vacuum distillation (VD) (Pennarun & Prost, 2002) , and solid-phase microextraction (SPME) (Oh & Shin, 2017) . Solid-phase microextraction (SPME) is a fast, sensitive, and economical method for sample extraction before gas chromatography analysis in comparison with other well-established techniques for analyzing volatiles in food.
The technique was developed by Arthur and coworker (Arthur & Pawliszyn, 1990 ) and combines one-step sampling and sample preparation. In recent years, it has been successfully used for determining the flavor profiles of several fish species (Igiesias, Gaiiardo, & Medina, 2010) . In addition, the e-nose is a useful instrument for analyzing, identifying, and detecting complex smells.
Due to its proven characteristics of good reproducibility, undamaged samples, and shortcuts, it provides an effective reference for the aroma and quality of aquatic products. This study, therefore, solid-phase microextraction gc-ms and e-nose, was used to investigate the influence of high-temperature treatment on the volatile components of surimi.
Many previous studies have focused on the effects of heat treatment on gel and volatile organic compounds (VOCs) in surimi products. However, in previous work, the surimi processing temperatures were lower than 100°C, and the samples were stored at −18°C. Few have reported on the effects of temperatures above 100°C. The surimi products' whiteness, water-holding capacity, volatile compounds, and protein secondary structure were studied. The study aims to obtain the optimal heat treatment temperature of surimi products. The findings could provide important theoretical and practical guidance for the surimi products.
| MATERIAL AND ME THODS

| Samples gel preparation
Frozen surimi (300 g) was tempered at 4°C for 4 hr before being cut into small pieces (3 cm cubes). The surimi cubes were placed in a cutter (Model UM5) and chopped at a low speed (500 g) for 5 min. Over the following 3 min, NaCl (7.5 g) was sprinkled into the surimi, during which time the mixture was chopped at speed of 700 g. The entire chopping process was carried out below 10°C.
Finally, the surimi was poured into the plastic casing to make fish sausages, before being heated in a two-temperature-process: first smoldering and then high-temperature treatment at 100, 105, 110, 115, and 121°C, for 10 min. After sterilization, the surimi was packaged and stored at −4°C for further determination.
| Determination of WHC
Using the method published by Ng (1987) , the WHC was then calculated as follows:
| Measurement of textural properties
Texture profile analysis (TPA) is important indicators of quality, including hardness, elasticity, cohesion, and mastication. TPA and the gel strength were estimated by a TA-XT plus texture analyzer according to the procedure described in Lanier (1992) .
| Determination of whiteness
The color of the surimi gels was determined by measuring the L*(lightness), a*(redness/greenness), and b* (yellowness/blueness) values. The whiteness was calculated using the following equation:
| Gel strength analysis
The gel strength was analyzed using the Texture Profile Analyzer (TMS-PRO, Food Technology Corporation, Virginia, USA) according to Qu's method (Qu et al., 2012) . The gel was subjected to a compression test with a trigger-type button. A cylindrical probe with a 5-mm diameter was used to penetrate the sample at 20 mm.
The trigger force was 0.5 N, with a test speed of 60 mm/min. The sample deformation was 60%, and the gel strength (g × mm) was equal to the breaking strength (g) multiplied by the breaking distance (mm).
| FT-IR spectroscopy analysis
Fourier transform infrared (FT-IR) spectroscopy of samples was carried out in a 470 FT-IR spectrometer (Thermo Fisher Instruments Co., Ltd., Shanghai, China). The samples were freeze-dried and then mixed with pure KBr. The mixture was subsequently ground to uniformity, placed in an agate mold, and then pressed into a diaphanous sheet with a (5-10) × 10 7 Pa pressure on the hydraulic machine. The measurement conditions were as follows: the range of wave number was 4,000-400 cm −1 , the resolution was 4 cm −1 , and the number of spectra collected was 32.
The FT-IR of the samples was processed and fitted by OMNIC and Peak Fit software. First, baseline correction was conducted for the amide I band (1,600-1,700 cm −1 ) of samples, and then 9-point Savitzky-Golay function smooth, Fourier deconvolution, and second derivative were processed. The Gaussian curve fitting was performed with the Peak Fit so that the overlapped bands completely separated, and obtained the minimized residuals.
| E-nose analysis of volatile compounds
The surimi gel samples were further analyzed by a FOX-4000 sensor array system (Alpha M.O.S., France) to distinguish discrepancies between the aroma profiles of various fish samples rinsed by different high-temperature treatments. This instrument consists of a
detector unit, auto-sampling device, and pattern recognition software for data recording and interpretation (Wang, Wang, Liu, & Liu, 2012) . Five grams of sample was loaded into a 10-ml glass vessel and placed on a specimen tray (4°C) for detection. For each sample, the e-nose detection was repeated eight times under the same conditions. 
| GC-MS settings
| Qualitative and quantitative analysis of volatile compounds
The volatile compounds analyzed by GC-MS were identified by matching the mass spectra obtained to those gathered in the NIST 02 library and the Wiley database. Only compounds in which the positive or negative matching degrees were greater than 800 (maximum is 1,000) were reported (Diao et al., 2016; Shi, Chen, You, & Wang, 2014) . In addition, 10 μl of hydrocarbon mixture of C7-C30 (as an internal standard) was added to 5 g of homogenized sample immediately before the headspace SPME process.
The relative content of each component in the volatile components of the different samples was obtained using the area normalization method, and the experiment results were compared with the least significant difference method (Wang & Yang, 2010) .
| Statistical analysis
Analyses of variance (ANOVA), multiple comparisons by Tukey's HSD method, and correlation analysis were carried out using SPSS software (version 17, IBM Institute Inc.). All of the data were represented as mean ± SD.
| RE SULTS AND D ISCUSS I ON
| Effect of high-temperature treatment on the WHC of surimi gel
Water-holding capacity is a crucial physical parameter closely related to the quality of surimi gels. The higher the WHC values, the less the internal water is pressured, and it indicated the surimi gel maintains more water.
The WHC values for surimi gels carried at different temperatures from 90 to 120°C are shown in Figure 1 . WHC decreases as the temperature rise. Although there was no significant change at 100-115°C, during which the surimi gel maintained a balanced stage as the temperature increased from 115 to 121°C, the quality of the surimi gel declined sharply, thus suggesting severely disrupted gel network structure, leading to a serious decline in WHC.
A high quality of surimi gel is reflected in the density of the gelatinous structure. A uniform dense gel is beneficial to the retention of moisture in the gel network, thus, increasing the WHC of the surimi gel.
The significance of WHC can be further explained as follows:
The water structure and form of the gel system is varied. As the fish protein and water H-bound, ionic bond and hydrophobic interaction in the gel, creating crosslinking gaps, so the moisture will be locked in certain areas, improving the water retention of the gel system. The entire network structure is thus more closely knit, thereby, improving the gel characteristics (Sánchez-González et al., 2008) . High-temperature treatments may undermine the gel properties and change the three-dimensional network structure, thus decreasing the gel's WHC. Thus, WHC decreased as the heating temperature increased from 100 to 121°C for all the samples.
F I G U R E 1 WHC of high-temperature treatment surimi gels. WHC, water-holding capacity
| Effects of different high-temperature treatments on the textural properties (TPA) of surimi gel
Major surimi gel quality texture parameters, including hardness, elasticity, chewiness, and cohesiveness, were analyzed using TPA (texture profile analysis). The sample was compressed twice in a simulated chewing movement of the human oral cavity, and thus providing a texture test curve to understand sensory evaluation-related quality and structure parameters.
Heat treatment was found to have an effect on the quality and structure of surimi gel and is shown in Table 1 . As the temperature increased from 100 to 121°C, the gel's hardness, elasticity, chewiness, and cohesiveness all have different degree of reduction.
High-temperature treatments reduced the hardness of fish sausage significantly (p < 0.05), in 115 and 121°C, although there was no significant difference in hardness between 105 and 110°C (p > 0.05).
High-temperature treatment had insignificant influence on elasticity and cohesion. Chewiness is a comprehensive evaluation of the texture and is numerically expressed as hardness, cohesion, and elasticity (Hu, 2010) . The chewiness of the surimi sausage samples decreased significantly at 121°C, but not significantly (p > 0.05) altered at 100 and 105°C. Overall, from the perspective of TPA, the most suitable temperature for high-temperature treatment was determined to be 110°C. In previous studies, many articles reported that the higher the temperature, the greater the impact on the texture profile analysis (TPA) of surimi gel.
| Effect of different high-temperature treatments on the whiteness of surimi gel
Whiteness is a significant quality indicator for surimi products (Park, 1995) . Generally speaking, consumers have the highest demand for surimi gel with high L* value, low b* value, and high whiteness (Hsu & Chiang, 2002) . Figure 2 shows the effect of different high-temperature treatments on the whiteness of surimi gel samples heated from 100 to 121°C. When the heating temperature increased from 100 to 121°C, the surimi gel showed a trend of slow decline in its whiteness, though the change is not statistically significant. In the entire process of heat treatment, the surimi gel maintained its white color, with no obvious change, however, when the temperature up to 121°C, the color changed from white to pale yellow. This difference may be explained by the rearrangement of water molecules during the formation of surimi gel. After high-temperature treatment, the position of the water molecules is disturbed, leading to their rearrangement, which probably affects the transparency and color of the surimi gels. These results indicated the change in surimi whiteness during heat treatment is within an acceptable range. This will be of great significance for ready-to-eat surimi products. High-temperature treatments have been found not only destroyed the noncovalent bonds, but also to affect or destroy the covalent bond formation or destruction, thus further affecting the extent and nature of protein denaturation, and changing the whiteness of the surimi gels (Zhang, Xue, Xu, Li, & Xue, 2013) . In previous studies, canned fish balls sterilized at 116°C for 30 min were found to have a significantly lower whiteness in the surimi gel (Runglerdkriangkril, Banlue, & Raksakulthai, 2008) . This finding is consistent with a study by Park (1995) . As shown in Figure 2 , in this study, the gel whiteness decreased as the treatment temperature increased from 100 to 121°C.
| Gel strength analysis
Significant changes in the surimi gel strength were induced by hightemperature treatment as presented in Figures 3-5 . The breaking strength of the surimi gel was found to be 100-121°C with sag distance increasing and gel strength decreased to some degree. When the temperature rose to 110°C, the gel strength had been completely destroyed. Whereas the temperature continues to rise, the gel strength drops sharply, reaching a minimum of 1,383.87 g × cm.
F I G U R E 2 Whiteness of high-temperature treatment surimi gels The mean values marked with lowercase letters in ascending order show significant statistical differences within rows (p < 0.05).
In addition, the gel strength was a maximum 100°C, which was 4,069 ± 490 g × cm. This is consistent with a previous study showing that high-temperature treatment could lead to the change in the quality of fish. In Shie and Park (1999) 
| FT-IR spectroscopy
The protein secondary structure refers to the spatial structure of the local peptide segments in the polypeptide chain skeleton, without considering the side chain conformation and the spatial arrangement of the integrated peptide chains, which largely determine the functional properties of protein (Lu, Zhang, & Wang, 2008) . The forms of α-helix, β-fold, β-corner, and random coil, among others, constitute the essential secondary structural elements of the high protein structure. FT-IR spectroscopy was the earliest and most common way to study protein conformation and was thus applied in this study (Argyri et al., 2013) .
The absorption of the characteristically strong peak of amide I bands is often used to analyze the secondary structure of proteins. The relationship between the protein secondary structure and the peaks is as follows: 1,650-1,658 cm −1 for the α-helix, 1,610-1,640 cm
for β-fold, 1,660-1,695 cm −1 for β-corner, and 1,640-1,650 cm −1 for the random coil (Liu et al., 2015) . As shown in Figures 6-7 , the characteristic peak in this study appeared in the vicinity of 1,645 cm −1 . The peak was judged as β-fold and random coil, indicating that the protein secondary structure of the surimi gels treated with high temperature was mainly a random coil and β-fold. Table 2 showed that surimi gel protein secondary structure is mainly β-fold and β-corner, and α-helix content is relatively low. With the treating temperature increasing, β-fold and random coil in surimi gel protein showed a significant decrease (p < 0.05). Especially, in the 110°C drops more sharply, suggesting that high temperature damaged the β-fold and random coil structure. As the temperature continued to rise, secondary structure of protein was eventually destroyed, resulting in protein polymerization, which explains why the gel strength decreases as the treatment temperature increase.
F I G U R E 7
| E-nose analysis of volatile compounds
E-nose analysis was carried out to evaluate the differences in the aroma profiles of five samples and a PCA plot and is shown in F I G U R E 1 2 The fitting figures of amide I in surimi gel at 121°C F I G U R E 1 3 PCA plot of e-nose response data for high-temperature treatment of surimi gels The mean values marked with lowercase letters in ascending order show significant statistical differences within rows (p < 0.05).
TA B L E 3 Volatile components of Alaska pollock surimi gel extracted at different high temperature treatments The mean values marked with lowercase letters in ascending order show significant statistical differences within rows (p < 0.05). Figure 13 . The plot consists of two axes, PC1 and PC2, in which PC1 explains 79.384% of the sample variance and PC2 explains only 13.245%. The total contribution rate is 92.629%. A total contribution rate of 75%-85% is considered an acceptable model explained most of the variance. The greater contribution rate beyond this range indicated that the main components can better reflect the original multi-index information Lu et al. (2012) . Therefore, the majority of the variations captured by PC1 for all the volatiles allows for the distinction between surimi samples submitted to different high-temperature treatments. Although there were notably small variations, PC2 was still important in determining certain factors pertaining to the effects of the different temperature treatments. Figure 13 shows that the dots corresponding to samples processed at 115 and 121°C are farther away from those corresponding to the samples processed at 100, 105, and 110°C, which are closest in the PCA, thus indicating the smallest difference in odor components among the three samples. The samples treated at 121°C were far from the other four groups in the PCA, indicating that they differed greatly in odor components. The results are consistent with those of the GC-MS analysis in 3.7, thus indicating that the higher the treatment temperature, the more obvious the effect on the volatile odor of the surimi gel.
| Volatile compounds of Alaska pollock surimi gel
Alaska minced fish gel samples treated at 100, 105, 110, 115, and 120°C
were detected 37, 46, 49, 52, and 56 volatile components, respectively.
These were composed mainly of aldehydes, hydrocarbons, and a small number of aromatic substances, which is consistent with the finding of Cavalli's research (Cavalli, Fernandez, Lizzani-Cuvelier, & Loiseau, 2003) that aldehydes are the major contributions of fish flavor formation.
With the increase in heating temperature, types of surimi gel volatile substances gradually increased correspondingly as shown in Table 3 . While there were found to be some differences in composition and relative content, the major important flavor substances included hexanal, heptanal, nonanal, 1-octen-3-ol, heptadecane, and 1-penten-3-ol. Importantly, the 5-methyl-2-heptene was only detected at 100°C, 6-methyl-2-heptanone was detected in 110 and 115°C, while 1-butanol was found only at 120°C treated samples. This suggests that as the temperature increases, numerous chemical changes occur in the surimi products such as lipid oxidation and Maillard reaction. In particular, this experiment detected additional compounds (toluene, benzene, naphthalene) that may not be originated from the change in surimi quality. Many of these additional compounds may indicate pollutants in the water that are transferred from the water to the fish (Rong, Qong, Zhang, Xie, & Xiong, 2015) .
| CON CLUS ION
The quality and structure strength of the surimi gel and volatile component are changed in varying degrees as after the heat treatment temperature increases. The gel strength is the most important quality indicator for surimi products. Hightemperature treatment damages surimi gel properties to some extent. The result of FT-IR spectroscopy in this study suggests that with increase in temperature, protein secondary structure of the random coil received maximum damage, leading to protein aggregation and ultimately greatly reduced gel strength.
Further research is thus required into the benefits of alternative and more advanced methods for preservation of fish and surimi products.
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